Abstract. Using iron sulfate (Fe (II)) to restore hexavalent chromium (Cr (VI)) in soil solution, while different pH, action conditions and various reaction time, to study the reduction effect of ferrous iron on hexavalent chromium in soil. It is showed that Fe (II) could restore all of Cr (VI) basically at pH=7 in anaerobic condition. At the same time, the participation of oxygen would affect the reduction ability of Fe (II) to Cr (VI) with time goes on. In the absence of oxygen condition, the reduction effect is more stable, and under aerobic conditions, the reduction effect is precarious.
Introduction
Chromium (Cr) is considered as a serious environmental pollutant, due to its wide industrial applications. Cr is found in all phases of the environment, including air, water, and soil [1] . It is one of the most important elements of the environmental pollution in the "five toxic substances" and always exists as two valence states which are trivalent and hexavalent in the soil. Contrast with the Cr (VI) which is highly mobile and toxic, the Cr (III) is more stable and less toxic in soil. The toxicity of Cr stems from its tendency to be corrosive and to cause allergic reactions [2] . While Cr (VI) can easily accumulate in human body and injure the respiratory system. It is indicated that the accumulation of toxic substances in vegetables produced in contaminated soil can reach 3 to 6 times of the harmful substances in the native soil. If organism suffers from the invasion of Cr (VI) through the digestive tract, it will result in taste and smell sensibility obtuse or even unresponsive. Normally, Cr (VI) goes into the human body through the mouth which can cause a series of pathological changes such as anemia, organ lesion, failure or even death. Cr (VI) is not only a mutagen but also a teratogen. Meanwhile, it is a carcinogen, particularly infects the lung through inhalation [3] . Electroplating wastewater, mining waste water and slag heap all contain Cr (VI), which heavily contaminates the surrounding soil. Because of its high solubility and high mobility in water, the EPA has set a maximum contaminant level (MCL) of 0.05 mg/L and 2 mg/L in surface water for Cr (VI) and total chromium, respectively, to reduce chromium contamination and adverse health effects to United States residents [4] . In many parts of our country, the content of Cr in soil exceeds the local soil background value by the discharge of industrial waste water polluted by Cr [5] . Most of the polluted soil did not get well governance and risen great environmental risks. Therefore, the remediation of Cr (VI) polluted soils urgent to solve. There are many measures to reduce the content of Cr (VI), among these remediation technologies, using chemicals is one of the preferred methods because of its low energy consumption, low capacity, moderate cost and so on. Thus, this paper presents the effect of Cr (VI) removal in soil solution using ferrous ions under laboratory conditions. It also gives insight on the impact of pH, action condition and reaction time.
Materials and Methods

Chemical Preparation
The Fe (II) used in this experiment was ferrous sulfate, which is absolutely pure in ideal situation. Chromium standard solution was prepared by dissolving a weighed amount of dried potassium dichromate (K 2 Cr 2 O 7 ) guaranteed reagent in distilled deionized water for drawing standard curve. The mixture of sulfuric acid, nitric acid and phosphoric acid in ratio of 2:2:1 for preparation of soil digestion solution. The pH of the samples was previously adjusted with small amount of diluted HCl or NaOH solutions. Sulfuric acid solution (1:1), phosphoric acid solution (1:1) and diphenylcarbazide were used to determine Cr (VI) in aqueous phase.
Soil Solution Preparation
The contaminated soil samples used in this study were collected from the site of the Cr pollution. The soil samples were allowed to concentrate to 100 g and removed the moisture by air drying. Then there are sieved from some large foreign bodies such as stone, plants and animals residues and gravel using 2 mm nylon sieves. Take 1.0 g of the grinded soil and mix it into 100 mL erlenmeyer flask, with adding 5 mL of the mixture of sulfuric acid, nitric acid and phosphoric acid. After oscillation and digestion, the soil solution was ready for this experiment.
Method for the Detection of Cr
The concentration of Cr (VI) in the solution was determined in accordance with the detection of GB/T15555.5-1996. It was determined by diphenylcarbazide procedure at 540 nm using UV-VIS spectrophotometer and then calculated the concentration of Cr (VI) compared with standard curve.
Experimental Procedure
Adding 0.543 g FeSO 4 to 2.5 mL soil solution in a 100 mL volumetric flask, then add distilled water to the graduated line until the concentration of Fe (II) was 2.0 g/L. HCl and NaOH solutions are used for the regulation of pH until 3, 5, 7, 9, 11, respectively. Setting each pH solution as two different devices which are aeration device and sealing device. Determined the concentration of Cr (VI) after 2 hours later, then determined the concentration of Cr (VI) after 5, 10, 15, 20, 15, 30 days.
Results and Discussion
Impact of pH on Cr (VI) Reduction by Fe (II)
The effect of pH on the reduction of Cr (VI) by Fe (II) is shown in figure 1 . It can be seen from the figure that with the increase of pH, the concentration of Cr (VI) was increased gradually under the condition of aeration. The concentration of Cr (VI) was decreased in the beginning and then increased under the condition of sealing, which fluctuation is bigger. Cr (VI) concentration was the lowest and achieved the best reduction effect in the neutral solution, which was consistent with the findings of Xu et al [6] . Therefore, pH might be a very important parameter in contaminant reduction. It was conducive to the research of Cr (VI) in the chromium slag in low pH, in the meanwhile the Fe (II) reduction effect on the Cr (VI) was well under neutral and alkaline conditions [7] .It was also pointed out by Maurizio et al [8] that the reduction effect of Cr (VI) by Fe (II) was decreased when pH was above 10. At the same time, with the increase of pH in solution, Cr (VI) could not be reduced by Fe (OH) 2 which also resulted in the reduction of the reduction effect [9] . They both explained the phenomenon that the reduction effect would decrease when the pH was high.
Impact of Reaction Conditions on Cr (VI) Reduction by Fe (II)
The figure 2 and figure 3 represent the concentration curve of Cr (VI) with time in different pH at aeration groups and seal groups. From these figures, we assure that it was achieved the best reduction effect in a long time when pH was 7, whether in aeration groups or seal groups. At the same time, the Cr (VI) concentration in the solution was at nadir point. But for aeration groups, the volatility of Cr (VI) concentration was larger and closed groups was relatively stable. These indicated that the oxygen has a substantial impact on the reduction of Cr (VI) by Fe (II). Due to dissolved oxygen of instability, it caused an instable reduction effect in aeration groups. The research of Thomas et al [10] also demonstrate that the concentration of Cr (VI) might be lower in short term experiments, but the concentration might be increased after some specific treatment. Therefore, it is definitely crucial to control the redox conditions in the soil surface treatment and the treatment of ectopic restoration. Furthermore, it is necessary to combined with some other methods such as bioremediation. 
Impact of Reaction Time on Cr (VI) Reduction by Fe (II)
The effect of reaction time on the reduction of Cr (VI) by Fe (II) is shown in figure 4 to figure 8. It was indicated that no matter how the reduction conditions changed, Cr (VI) concentration will change consistently in the first 5 days and all manifest a downward trend, which had a better effect. But for aeration groups, the Cr (VI) concentration had a larger fluctuation after five days and the concentration of Cr (VI) exceeded the initial value in a month after at alkaline conditions. Contrasted, Cr (VI) concentration has a less fluctuation in the closed group, but it still maintained an ideal reduction level. Combined with reaction conditions and reaction time, the Cr (VI) concentration increased under alkaline conditions in aeration groups after a month. On the one hand, it was caused by the competition of Cr (VI) and O 2 . On the other hand, the original Cr (III) was oxidized to Cr (VI) in soil solution resulted in a higher value. Because of the solution does not contact with the external environment and the environment was relatively stable, the Cr (VI) concentration had a less fluctuation. Liang et al. [3] have presented that the leaching and reducing of Cr (VI) related to the precipitation adsorption. Due to the adsorption capacity of Cr (OH) 3 , it can adsorb residual Cr (VI)in the process of reduction reaction. When the concentration of Cr (VI) down to a minimum number, the reaction reached a balance state. If the reaction time is prolonged, the balance will be broken and Cr (VI) concentration will fluctuate dramatically. 
Concluding Remarks
pH was an important factor on Cr (VI) reduction. Cr (VI) was not easy to be oxidized if pH was too low. Under high pH, it will affect the Fe (II) activity. It was indicated that the treatment effect was the best when pH was about 7.Under aerobic conditions, there was the competation of Cr (VI) and O 2 , the reduction was not stable. Under hypoxic conditions, the reaction was more stable and it is not subject to external environmental interference. Therefore, it should be combined with other methods such as bioremediation in practical engineering. It was effective in a short period of time on Cr (VI) reduction by Fe (II). The longer time, the more uncertain factors.
